Background: Poor cardiorespiratory fitness (CRF) increases morbidity and mortality risks. Routine CRF assessment in clinical practice has thus been advocated, but little is known about the effect. In this study, we investigated the effect of CRF assessment on CRF in a preventive health check programme. Methods: We used a randomised design, in which we invited 4153 middle-aged adults and included 2201 participants who received a preventive health check with CRF assessment (intervention) or without CRF assessment (control). After 1 year, participants were examined. The primary outcomes were adjusted absolute (l/min), relative (ml/kg/min), and poor (%) CRF assessed by the Astrand-Ryhming test. We adjusted for baseline physical activity and intra-cluster correlation within general practices. Results: A total of 901 attended the 1-year follow-up. In the intervention group, absolute CRF, relative CRF, and poor CRF were 2.7 l/min (95% confidence interval [CI]: 2.6; 2.8), 34.5 ml/kg/min (95% CI: 33.5; 35.4), and 31.0% (95% CI: 26.8; 35.2). In the control group, the corresponding figures were 2.8 l/min (95% CI: 2.7; 2.9), 35. 3,4 Moreover, high CRF levels are associated with reduced risk of chronic diseases as well as improved physical and mental health.
Introduction

P
oor cardiorespiratory fitness (CRF) increases the risk of morbidity and mortality. [1] [2] [3] Even small CRF improvements are associated with reduced mortality risk.
3,4 Moreover, high CRF levels are associated with reduced risk of chronic diseases as well as improved physical and mental health. 1, 3 Consequently, it has been advocated, most recently by the American Heart Association, 3 that routine CRF assessment should be implemented in clinical practice. 5, 6 CRF can be improved by increasing the amount or intensity of physical activity. 1, 3 Other CRF determinants include age, sex, genetics, obesity, smoking and morbidity. 3 Studies indicate that measurement of physical activity per se may influence the physical activity behaviour by increasing people's awareness and motivation. 7, 8 Accordingly, CRF assessment may motivate people to increase their physical activity level. Maintaining good health is another important factor that motivate people to engage in physical activity. 9 As the realisation of poor CRF and unfavourable health status may synergistically encourage people to increase their physical activity level, an optimal setting for CRF assessment could be preventive health check programmes, which are already being offered in some countries. [10] [11] [12] Only few previous studies have included CRF assessment in preventive health checks offered to the general population. 13, 14 A Swedish study, which was conducted in 1969, showed no effect of extensive health checks on all-cause or cause-specific mortality. 13 In contrast, the Danish Ebeltoft Health Promotion Project, which was conducted in 1991, showed a positive effect of preventive health checks on cardiovascular risk and estimated life expectancy at 5-year follow-up. 14 Neither of these studies reported on the effect on CRF or physical activity levels. As little is known about the effect of CRF assessment in population-based preventive health checks, we investigated the effect on CRF of CRF assessment in a preventive health check programme.
Methods
The trial protocol (NCT02224248) has previously been published. 15 The trial was approved by the Danish Data Protection Agency (record number 2013-41-2527) and complies with the Declaration of Helsinki.
Setting and participants
We conducted a two-armed randomised trial, which was nested in the Danish population-based Check your Health Preventive Programme (CHPP). Eligible CHPP participants were allocated to receive either a health check with CRF assessment (intervention group) or a health check without CRF assessment (control group).
The ongoing CHPP offers a single preventive health check to citizens aged 30-49 years in Randers Municipality, 16 which has 100 000 residents and is characterised by a less favourable health and socioeconomic profile compared with the entire Danish population. 17, 18 The health checks were performed by trained health professionals at Randers Health Centre.
Before initiation of the CHPP, 26 216 citizens in the target age group were identified using the Danish Civil Registration System. 19 The identified individuals were randomised into five equal-sized groups (figure 1) to distribute the workload for the health professional and enable the conduction of several trials during the first years of the CHPP. Group three (n = 5249) was allocated to the present trial. Before trial initiation on 1 November 2014, 342 eligible citizens had emigrated; this left 4907 for further randomisation. The inclusion criteria were: (i) participation in the CHPP and (ii) written consent for the collected data to be used in research. The only exclusion criterion was terminal illness reported by the general practitioners (GPs). Participants were enrolled consecutively until 30 November 2015.
Procedures
The CHPP included a health check with behavioural and clinical measurements followed by recommendations for subsequent actions according to a risk profile generated at the end of the health check. The CHPP questionnaire included questions concerning physical activity, smoking, alcohol use and self-rated health. 15 In the present study, the Stages of Change Questionnaire 20 was added as baseline measurement. The clinical measures included height, weight, body mass index (BMI), waist circumference, blood pressure, biochemical measures (lipid profile, HbA1c), lung function and the European Systematic Coronary Risk Evaluation (SCORE). 15, 16 In case of poor self-rated health, alcohol risk behaviour, high SCORE risk, or abnormal values of blood pressure, biochemical measures, or lung function, participants were advised to book a health-promoting consultation with their GP. In case of high BMI, smoking, or selfreported physical inactivity, participants were offered to attend health behavioural courses at Randers Health Centre (e.g. healthy diet and physical activity course). 16 The stratification algorithm and the health behavioural courses are described elsewhere. 16 
Intervention: CRF assessment
In the intervention group, the health check included a CRF assessment. We employed a modified version of the AstrandRyhming cycle ergometer single-stage test to estimate the age-and sex-standardised CRF on the basis of heart rate (HR) and workload. 15 We used an initial workload of 75 watts (women) and 100 watts (men) and a pedalling frequency of 60-70 rounds/min. The HR was monitored continuously and recorded at 5.5 min if a steady-state HR was achieved within a target interval of 120-170 beats/min. The test was terminated after 6 min. If the target interval was not attained within the first 2 min of pedalling, the workload was increased by 25 (women) 
Follow-up
Two-week follow-up
Two weeks after the health check, participants answered the Stages of Change Questionnaire again. The Stages of Change describes an individual's intention to change behaviour as a progression through five stages: pre-contemplation (no intention to engage in regular moderate physical activity within the next 6 months), contemplation (intention to engage in regular moderate physical activity within the next 6 months), preparation (intention to engage in regular moderate physical activity within the next 30 days), action (regular moderate physical activity has been performed for less than 6 months) and maintenance (regular moderate physical activity has been performed for 6 months or more). 20, 21 The pre-action stages (i.e. pre-contemplation, contemplation and preparation) represent the motivational phase, in which motivation (or intention) is theorised to increase. 20 Accordingly, stage progression from preaction stages reflects increased motivation and the intermediate outcome at 2-week follow-up was the percentage of baseline preaction stage participants making stage progression. Stage progression to the maintenance stage, however, was considered invalid in view of our short follow-up period. We defined regular physical activity as at least 30 min (or 3 Â 10 min) on at least 5 days/week and moderate intensity as producing increased HR, while still being able to talk. 15 
One-year follow-up
One year after the trial initiation on 1 November 2015, all participants were re-invited to attend an examination and complete a questionnaire. The 1-year follow-up proceeded until 30 June 2016. The primary outcomes were absolute CRF (L O 2 /min), relative CRF (mL O 2 /kg/min) and the prevalence of poor CRF (lowest of the five benchmark Astrand categories). 22 Secondary outcomes included self-reported physical inactivity prevalence at 1-year follow-up and self-rated physical and mental health changes from baseline to 1-year follow-up. Self-reported physical inactivity was defined as the lowest of four leisure-time physical activity categories assessed using the Saltin and Grimby Questionnaire. 23 Self-rated physical and mental health was assessed using the second version of the 12-item ShortForm Health Survey (SF-12) from which a physical component summary (PCS) score and a mental component summary (MCS) score can be derived. 24 The scores were calculated using the standard SF-12 scoring algorithm. 24 
Randomisation and blinding
Randomisation was based on postal addresses derived from the Danish Civil Registration System. 15, 19 The randomisation and implementation was performed by a data manager. Participants were enrolled automatically if they met the inclusion criteria. Intervention, outcomes, group assignment and follow-up assessments were not disclosed to the participants during the study period. The GPs and the health professionals performing the health checks and the health behavioural courses were unblinded. At 1-year follow-up, an independent unblinded health professional performed the outcome assessment.
Sample size
The required sample size was 1500 participants based on the following assumptions: 1:1 randomisation, a false positive error rate of 5%, a power of 80%, an intra-cluster correlation coefficient of 0.05, 30% loss to follow-up and categorical analysis with a power to detect a difference of at least 10% in poor CRF prevalence between the study groups. 15 
Statistical analysis
Statistical analyses were performed using the Stata 14.0 software package (StataCorp, College Station, TX, USA). Data are presented as mean AE standard deviation, median (interquartile range) or as absolute numbers and percentages. Linear regression was used for between-group comparison of continuous outcomes. Binomial linear regression with identity link was used to compare proportions of dichotomous outcomes. Analyses were stratified by sex or age group because motives to be physically active vary according to sex and age.
9,25 CRF assessment may, therefore, appeal differently to men and women and across different age groups. We adjusted for baseline self-reported physical activity and accounted for intracluster correlation within general practices (n = 40) as risk factor management differs between GPs. 26 We refrained from employing multiple imputation to handle missing outcome data due to the extensive loss to follow-up. Instead, dropout analyses using baseline data were performed with the unpaired t-test (continuous data) or 2 test (categorical data) to reveal potential confounding factors, for which we adjusted in a post-hoc sensitivity analysis. 27 We also performed an explorative sub-analysis of within-group CRF changes in the intervention group using the paired t-test (absolute and relative CRF) or McNemar's test (poor CRF). The randomisation groups were preserved in all analyses, and the statistical significance level was set at 5%.
Results
Study population
Of the invited 2234 intervention participants and 1919 control participants, 1194 (53%) and 1007 (52%) participants were included (figure 1). Baseline characteristics between study groups did not differ (table 1). The median age (interquartile range) was 45.2 years (39.9-49.6) in the intervention group and 44.9 years (39.9-49.1) in the control group. In both groups, 49% of participants were men.
Motivation
The sub-analysis of stage progression at 2-week follow-up included 183 intervention participants and 129 control participants (figure 1). Overall, we found no significant difference in stage progression (table 2) .
Cardiorespiratory fitness
At 1-year follow-up, 505 intervention participants and 484 control participants attended the examination (figure 1). Of these, 44 participants in each group were excluded due to missing CRF or baseline self-reported physical activity level. When comparing the study groups at follow-up, the adjusted absolute CRF was lower in the intervention group (À0.1 l/min [95% confidence interval (CI): À0.2; À0.01]) (table 3). No differences were found in the adjusted relative CRF or poor CRF prevalence. The stratified analyses showed that the adjusted absolute CRF was lower in the intervention group among men (À0.2 l/min [95% CI: À0.3; À0.02]) and 40-49 year-old participants (À0.2 l/min [95% CI: À0.3; À0.03]), whereas the adjusted poor CRF prevalence was higher in the intervention group among women (7.2% [95% CI: 1.9; 12.5]). In the intervention group, both absolute and relative CRF increased from baseline to follow-up regardless of sex and age group (Supplementary material table S4 ). The poor CRF prevalence tended to decrease, but only significantly among 40-49 year-old participants. between the intervention and control group at 2-week follow-up and 1-year follow-up adjusted for baseline physical activity and intra-cluster correlation within general practices. CI, confidence interval.
Self-reported physical inactivity and self-rated health
No differences were found for the 1-year adjusted self-reported physical inactivity prevalence (table 3) or the adjusted changes in PCS or MCS scores (table 2) .
Dropout and sensitivity analyses
A post-hoc analysis comparing the baseline characteristics of intervention participants (n = 461) and control participants (n = 440) included in the primary analysis showed a lower percentage of singles and individuals with low educational level in the control group (figure 1). A post-hoc sensitivity analysis adjusting for these potential confounding factors showed no between-group differences in absolute CRF (À0.09 l/min [95% CI: À0.19;0.01]), relative CRF (À0.2 ml/kg/min [95% CI: À1.4;1.0]), or poor CRF prevalence (3,5% [95% CI: À2.6;9.7]). We also compared the baseline characteristics of analysed participants with those who were not analysed (i.e. lost to follow-up or excluded due to missing data). In both groups, the not-analysed participants were more likely to be physically inactive, smokers and to have a low PCS score. In the control group, the not-analysed participants were also more likely to have a low education level and higher levels of BMI, waist circumference, and diastolic blood pressure. In the intervention group, the not-analysed participants were less likely to be single.
Discussion
Preventive health checks with CRF assessment did not provide higher CRF levels at 1-year follow-up than preventive health checks without CRF assessment. Furthermore, no differences were found in self-reported physical inactivity prevalence or in self-rated physical or mental health changes. Additionally, the proportion of pre-action stage participants with increased motivation to perform regular moderate physical activity at 2-week follow-up did not differ between the groups. Our study provides novel insights into the effect of including CRF assessment in preventive health checks on CRF levels. The effect of measuring CRF and physical activity levels has received very little attention.
7 A recent systematic review and meta-analysis, including five randomised trials focusing on physical activity behaviour, showed a small positive effect of questionnaire-based physical activity measurements on self-reported physical activity. 8 The follow-up periods of the included studies ranged from 1 week to 3 months, with the exception of one study with 6 months of follow-up. 8 Evidence suggests that a majority of people who succeed in increasing their physical activity level may relapse to a less active or inactive status within 6 months. 28 This may partly explain the lack of effect on CRF at 1-year follow-up in our study. Our findings are consistent with a study by Sluijs et al., which showed no effect of accelerometer-based measurements in an intervention on objectively measured physical activity at 6-month follow-up. 29 We could only explore CRF changes in the intervention group as CRF was not assessed in the control group at baseline; a post-hoc analysis showed small increases in CRF levels from baseline to 1-year follow-up. Generally, physical activity interventions in primary care and community settings have shown limited long-term effects on CRF and physical activity levels. [30] [31] [32] Surprisingly, both positive and negative effects on self-rated health have been observed during physical activity promoting interventions. 33, 34 We found no differences in self-rated physical or mental health status. Importantly, these findings suggest that CRF assessment did not lead to unintended physical or mental harm.
Strengths and limitations
The strengths of our study are the randomised design, the objective CRF assessment and the relatively long follow-up period compared with previous studies. 8 The sustainability of an intervention effect is key, because temporary CRF improvements are unlikely to provide sustained health benefits. We used a real-life setting and recruited participants without any screening prior to inclusion, and more than 50% of the invited individuals attended the CHPP in both study arms. This attendance rate is high compared with other real-life health check programmes. 35 Despite the emigration of 342 eligible participants before randomisation and a CHPP non-attendance rate around 45%, the baseline characteristics of the study groups did not differ significantly. The risk of selection bias is, therefore, considered to be low.
Our study also has some important limitations. The dropout rate above 50% at follow-up increased the risk of attrition bias. Our dropout analysis indicated that control participants who were included in the primary analysis had a more favourable social profile than intervention participants. As lower social status is associated with lower CRF, 36, 37 attrition bias is likely to explain the higher absolute CRF level in the control group. This was also supported by the posthoc sensitivity analysis. The study power was reduced by loss to followup and exclusion of certain participants, which increases the risk of a type II error. In particular, the sub-analysis of stage progression had limited power due to the unexpected small percentage of participants categorising themselves in the pre-action stages at baseline. In addition, the Stages of Change Questionnaire has not been validated to measure changes over time. Our estimates of the effect on motivation should, therefore, be interpreted with caution. The poor CRF prevalence tended to be higher in the intervention group. However, the difference between the study groups was attenuated when further adjusting for social factors. Loss of power is, therefore, unlikely to have caused a type II error with respect to CRF.
Another possible contributing factor to the little difference between the study groups could be contamination. While only four women in the control group received a CRF assessment, intervention participants may have influenced control participants through social groups and workplaces. Furthermore, health professionals and GPs may have been more attentive to control participants than would be expected in usual care without CRF assessment. This could have attenuated a potential intervention effect. Another limitation was the relatively wide error margin of the AstrandRyhming test. 38 This imprecision may have further reduced any differences between the study groups. Overall, as some limitations may have biased our results towards the null, we cannot preclude that a true intervention effect was overlooked.
Generalisability and clinical impact
CHPP attenders generally had a higher social status than nonattenders. 39 As these results agree with previous findings, our study population likely represents the attenders that would be expected in a real-life population-based setting. 40 Still, our findings may not generalise to more disadvantageous populations given that the participants who were not included in the analyses overall had a less favourable sociodemographic and clinical profile.
CRF assessment is highly topical in view of the recent scientific statement from the American Heart Association.
3 Routine CRF assessment as part of preventive health checks was feasible in our study. Yet, our results imply that adding objective measurement of CRF to a traditional risk factor assessment is unlikely to improve the effectiveness of population-based preventive health checks in terms of increasing CRF. Less resource-demanding non-exercise-based methods may provide valid alternatives.
3 A pertinent question is how identification of poor CRF should be reflected in the subsequent care. Additionally, it remains to be investigated if CRF assessment should be confined to high-risk individuals who may derive particular benefit.
Conclusion
Preventive health checks with CRF assessment did not afford higher CRF levels, lower self-reported physical inactivity prevalence, or improved self-rated physical or mental health at 1-year follow-up compared with preventive health checks without CRF assessment.
Key points
CRF assessment in preventive health checks has received little attention in research. This study concludes that CRF assessment as part of a preventive health check did not result in higher CRF levels at 1-year follow-up. Our results imply that adding measurement of CRF to a traditional risk factor assessment is unlikely to improve the effectiveness of population-based preventive health checks in terms of increasing CRF. Several questions remain unanswered: Should CRF assessment be broadly utilised or confined to high-risk individuals? Which subsequent care should be offered for identified poor CRF? Public health policy and practice should consider these issues when planning future interventions aiming to decrease health risks resulting from poor CRF.
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